A simple corrected resonance light-scattering (CRLS) technique was established to correct for any distortion of the resonance light scattering (RLS) spectra resulting from molecular absorption. By using an absorption cell holder to change the propagation direction of the incident light beam of a common spectrofluorometer, the molecular absorption was directly measured through a spectrofluorometer. With measurements of the CRLS signals of the interaction of Fast Red VR (FRV) and proteins, we proved that the present correction for the RLS spectra in terms of the molecular absorption of excitation and scattering radiation can improve the detection sensitivity by about two fold.
As a new spectral method, resonance light scattering has been found to have wide applications since its appearance 1 in studies of the aggregation and assembly in biochemical systems. [2] [3] [4] [5] [6] [7] [8] It has been proved that the enhanced RLS signals which resulted from the aggregation and assembly processes can be applied to highly sensitive quantifications of DNA, 9, 11 proteins, [12] [13] [14] ions, 15 surfactants 16 and clinical medicines [17] [18] [19] by using a common spectrofluorometer. These measurements, however, depend on the measuring conditions, including the molecular absorption, instrument conditions, reflection and scattering of the inside and outside walls of the absorption cell. In addition, different instruments display different RLS spectra.
Because of absorbing the excitation and light-scattering beams, the molecular absorption which occurred within the sample cell was found to strongly decrease the detected RLS sensitivity and result in spectral distortion. In order to minimize the effect of absorption in light-scattering measurements, a general recommendation is to make extremely dilute solutions. However, this is not a "universal" remedy. When the absorbance of the system is very high, but the content of the analyte is quite low, continuous dilutions of such a system would result in a difficulty of decreasing the accuracy of the quantification. Also, a danger of "loosing" the analyte occurs during the operation procedure. In a biochemical system, dilution may cause changes in the conformation of biomolecules, bonding modes, and the degree of association, and thus introducing large unknown errors into the measurements. Therefore, it is necessary to propose the method used to correct the spectral distortion in terms of the molecular absorption in the detection system.
We have proposed a correction method of the RLS spectra in terms of the molecular absorption effect by taking Rhodamine 6G (Rh6G) as an example. 20 The correction spectra displayed that (1) the characteristic peak of the corrected RLS spectra bathochromicly shifts by about 10 nm compared to the molecular absorption band, which was good evidence to support our former presumption that the RLS spectra could display information concerning preresonance light scattering. 12 (2) Increasing the Rh6G concentration did not result in a peak shift of the corrected RLS, which slowed that the molecular absorption could cause a distortion in the RLS spectra. (3) The CRLS intensities were in proportion to the concentration of Rh6G, which were greatly different from the uncorrected RLS intensities that were not in proportional to the concentration.
Borissevith 21 and Yao et al. 22, 23 discussed the correction of RLS spectra of the porphyrin aggregation and the interaction of protein with Sulfonazo III, respectively. Collings et al. 24 and Norberto et al. 25 proposed methods to perform the correction respectively, which can dissect the absorption and scattering components. These methods, however, were established based only on measurements of different instruments (molecular absorption was performed on a spectrophotometer and RLS on a spectrofluorometer), and failed to consider the case that the obtained RLS spectra was from different spectrofluorometers. 20, 22 Considering the errors resulting from the instrumental conditions, we herein propose a fairly simple corrected RLS method using a common spectrofluorometer. By using an absorption cell holder to change the propagation direction of the incident light beams of the spectrofluorometer (Fig. 1 displays the optical arrangement) , we can obtain the reciprocal of the transmittance spectra. Compared to the uncorrected RLS method, our present corrected RLS method has about a two-fold higher sensitivity for protein determinations.
Experimental

Apparatus
The RLS spectra and intensities were measured and recorded with a Hitachi F-2500 spectrofluorometer (Tokyo, Japan). An absorption cell holder (Fig. 1B displays its optical arrangement) is an accessory of the spectrofluorometer. For a comparison with the reciprocal of the transmittance spectra measured by the spectrofluorometer, the absorption spectra were obtained by a Tianmei UV-8500 spectrophotometer (Hong Kong, China). A PHS-3C digital pH meter (Shanghai Dazhong Analytical Instruments Plant, Shanghai, China) was used to measure the pH values of aqueous solutions, and an MVS-1 vortex mixer (Beide Scientific Instrumental Ltd., Beijing, China) was used to blend the mixtures.
Reagents
Stock solutions of proteins were prepared by dissolving commercially purchased proteins in doubly distilled water, except for γ-IgG, which was dissolved with the aid of a few milliliters of 0.5 M NaCl. All working solutions were 25.0 µg/ml, prepared by diluting stock solutions. The proteins in this study involved bovine serum albumin (BSA; Shanghai Changyang Biochemical Pharmacy Plant, Shanghai, China), human serum albumin (HSA; Sigma, St. Louis, MO, USA), α-chymotrypsin (Chy; Shanghai Chemical Reagent Distribution Co., Shanghai, China), lysozyme (Lys, Shanghai Institute of Biochemistry, Shanghai, China), γ-globulin (γ-IgG; Serva, Heidelberg, Germany). A 1.0 × 10 -4 M working solution of Fast Red VR (FRV, The Third Branch of Shanghai Reagents Plant, Shanghai, China) was prepared by dissolving the crystals into doubly distilled water.
A Britton-Robinson buffer solution (pH 3.52) was used to control the acidity of the interacting medium, while a 0.05 M NaCl solution was used to adjust the ionic strength of the aqueous system. All reagents were of analytical grade and were used without further purification. The water used throughout was doubly distilled.
General procedures
Into a 10 ml calibrated flask were added 1.0 ml of a Britton-Robinson buffer solution, a 1.0 ml FRV solution and a 0.8 ml NaCl solution, vortexed. After an appropriate working solution or sample solution of proteins was added, the mixture was vortexed again, then diluted to 10 ml with doubly distilled water, and finally thoroughly mixed. All RLS measurements were made against a parallel blank solution treated in the same way without proteins.
RLS spectra were obtained by simultaneously scanning the excitation and emission monochromators of the F-2500 spectrofluorometer from 220.0 to 600.0 nm with ∆λ = 0 nm. Both the excitation and emission slit widths were kept as 5.0 nm. The RLS intensities were measured with both excitation and emission monochromators being set at 287.0 nm. For molecular absorption measurements, we used an absorption cell holder which optical arrangement, as Fig. 1B shows. The incident light spectra and transmitted light spectra of the samples were obtained by scanning simultaneously the excitation and emission monochromators of the F-2500 spectrofluorometer from 220.0 to 600.0 nm with ∆λ = 0 nm and a slit width of 20.0 nm for excitation and emission. The reciprocal of the transmittance spectrum can be automatically measured by the spectrofluorometer by dividing the incident light spectrum by the transmitted light spectrum (Fig. 2) ; we can then obtain the value of I0/It at 287 nm (I0 is incident intensity, It is transmitted intensity) from the reciprocal of the transmittance spectrum. The RLS data and the reciprocal values of the transmittance spectra of a sample were directly picked up and then programmed through Microsoft Excel software and Origin 5.0 to obtain corrected RLS spectra.
Results and Discussion
Features of the reciprocal of the transmittance spectrum and the absorption spectrum
By using an absorption cell holder to change the propagation direction of the incident light beam we can directly determine the emission spectra of the light source. Line 1 in Fig. 2 displays the emission spectra of the Xe lamp detected by an F-2500 spectrofluorometer; namely, the emission spectra show the relationship between the intensity of the incident light (I0) and the wavelength (λ). It can be seen that I0 reaches the maximum at 280 nm. Line 2 in Fig. 2 is the transmitted light spectrum of FRV-BSA measured by the F-2500 spectrofluorometer. This line displays the total light signals detected by the spectrofluorometer detector after the emitted light beam of the Xe lamp has passed through the absorption cell. Therefore, we can obtain the reciprocal of the transmittance spectrum of FRV-BSA by dividing Line 1 by Line 2 (Line 2 in Fig. 3) . As Fig. 3 shows, the reciprocal of the transmittance spectrum of FRV-BSA (Line 2 in Fig. 3 ) is strongly identical to the absorption spectrum obtained by a spectrophotometer.
Theory of the CRLS spectra
We consider the correction based only on the molecular absorption that absorbs both the incident and scattered light beams. The intensity of RLS can be obtained by integrating a small volume element of dxdyZ0 (Fig. 4) , and can be expressed as
where β is a coefficient of proportionality and Ix is the intensity of the incident light beam after it has passed a distance of x in the solution in the cell; dx and dy are partial differentials in the X and Y direction, respectively. The absorption by the cell walls and the solvent can be neglected in a theoretical consideration if there is no absorption substance in the system, since the same cell and solvent are used in a single detection system on the same instrument. Thus, if Ix = I0, Eq. (1) can be changed to
Hence, I0 is the intensity of the excitation beam at the face of the absorption cell and Icorr is the intensity of the corrected RLS spectra for absorption. When an incident beam with intensity I0 passes through a distance of x in the solution in the cell, the intensity of the beam decreases to Ix. According to Lambert-Beer's law, we can obtain log = -εxc (3) where ε is the molar extinction coefficient and c is the concentration of the sample. If we use a 1.0 cm sample cell for the measurement, namely, x = X0 = Y0 = 1, Ix = It. Therefore, εc = log (4) in which It is the transmitted intensity. By combining Eqs. (3) and (4),
Due to the absorption from this small volume element in the Y
direction, which is perpendicular to the exciting light direction (X direction), the intensity of RLS from a small volume element decreases. Thus, the intensity of RLS determined by a common spectrofluorometer could be written as
where Ias is the apparent RLS intensity directly determined by the spectrofluorometer and y is the distance from the small volume element to the face of the absorption cell in the Y direction. Taking Eqs. (1), (5) into Eq. (6) yields
By integrating Eqs. (2) and (7), respectively, we have
Then,
. (9) If we let A(λ) = 2 , Eq. (9) can be written as
where A(λ) is a correction coefficient. It is easy to determine the value of I0/It by using the F-2500 spectrofluorometer with an absorption cell holder, and further to calculate A(λ). Then, the CRLS spectra can be obtained according to Eq. (10). Figure 5 displays the RLS features of BSA, FRV and BSA-FRV, respectively. All of the lines from Lines 1 to 3 and 5 have two RLS peaks at above 287 nm and 361 nm. The peak height at 287 nm reaches the maximum. Comparing Line 1 and Line 2 with Line 3, the RLS peaks have bathochromic shifts: 4.0 nm (10), we corrected the intensity of RLS in Fig. 5 and obtained the CRLS spectra (Figs. 6 and 7) of FRV, and FRV-BSA resulting from molecular absorption. Comparing the CRLS spectra with the apparent RLS ones, it can be seen that the intensity of CRLS of FRV-BSA is much stronger than that of the apparent RLS directly determined by the spectrofluorometer (Fig. 6 ). Figure 7 shows that increasing BSA concentration does not result in the peak shift of the CRLS.
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Effect of the concentration of FRV on the CRLS intensity
The distortion of the RLS spectra resulting from molecular absorption can be displayed further by increasing the FRV concentration.
As Line 3 in Fig. 8 shows, when the concentration of BSA was fixed at 2.0 µg/ml, the RLS intensity of FRV-BSA increased with increasing FRV concentration. When the concentration of FRV was 1.0 × 10 -5 M, the RLS intensity of the FRV-BSA mixture reached the maximum value, then decreased with further increasing FRV concentration. The reason for the decreasing RLS intensity when the FRV concentration is higher than 1.0 × 10 -5 M can be explained by the CRLS data. By using the F-2500 spectrofluorometer, we detected the value of I0/It and corrected the intensity of RLS of Line 3 in Fig. 8 . The CRLS intensity of the FRV-BSA mixture as Line 4 in Fig. 8 reached the maximum value when the concentration of FRV was 1.0 × 10 -5 M, then nearly kept the same value with further increasing the FRV concentration. This indicates that the decrease of the apparent RLS intensity is due to increasing molecular absorption with increasing FRV concentration.
Sensitivities of CRLS spectra
Linear relationships between the apparent RLS intensity and the protein concentration are shown in Table 1 . According to Eq. (10), we corrected the intensity of RLS of Table 1 , and obtained the relationship of the CRLS intensity with the protein concentration shown in Table 2 . By comparing Table 2 and  Table 1 , we can find that the sensitivities (slope of the linearregression equation) by using the CRLS spectra are higher than those by using the apparent RLS spectra. For different proteins, the sensitivities are different, and the enhanced sensitivity improved by the corrected RLS spectra is above 2 fold (Table  2 ). For the same protein, BSA for instance, the sensitivity of the RLS spectra (Table 1 ) increases at first with increasing FRV concentration and then decreases, but the sensitivity of the CRLS spectra only increases with increasing FRV concentration; the higher is the FRV concentration, the more is the enhancement of the CRLS sensitivity. This indicates that the increase in the molecular absorption with increasing FRV concentration is the key factor for the decreasing sensitivity of the apparent RLS.
Conclusions
The method of protein determination by using FRV with the RLS technique is very simple, sensitive and reproducible. After the molecular absorption in the light-scattering system was corrected, the sensitivity of protein determination with FRV was improved by about two fold. Compared with other corrected RLS methods that had been established concerning the measurements of different instruments, the present method only needs a common spectrofluorometer, which can avoid the errors induced by different equipment. This method is feasible, and is especially applied to those systems with strong molecular absorption. The stronger is the absorption, the more is it necessary for a correction of the RLS measurement. The corrected RLS measurement will result in a higher sensitivity. 
